TITLE OF THE INVENTION 

METHOD FOR ASSEMBLING ROTOR AND SLIDING STRUCTURE OF ROTOR AND 

OSCILLATOR 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a method for 
assembling a rotor and a sliding structure of a rotor and an 
oscillator. In particular, the invention relates to a method 
for assembling a rotor and a sliding structure of a rotor and 
an oscillator which allow easy assembly with an improvement in 
productivity . 

2- Description of the Related Art 

[0002] Conventionally, a speed reducer (power transmission 
device) has been known, which has an oscillator and a rotor 
rotatably assembled into said oscillator. The rotor makes 
rotations and oscillations of said oscillator. 

[0003] As an example of a speed reducer, a speed reducer as 
shown in Figs. 9 and 10 has been proposed which comprises 
eccentric bodies (rotor) capable of eccentric rotations about 
the center axis of input shaft and external gears (oscillators) 
capable of oscillations along with the rotations of the 
eccentric bodies (for example, see US Patent 5,286,237). Fig. 
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9 is a sectional side view of a speed reducer 100. Fig. 10 is 
a sectional view taken along the line X-X of Fig. 9. 

[0004] This speed reducer 100 comprises an input shaft 102, 
eccentric bodies (rotors) 106a and 106b, and external gears 
(oscillators) 108a and 108b. Sliding portions between the 
eccentric bodies 106a, 106b and the external gears 108a, 108b 
are provided with respective sliding structures 120 (110, 111, 
112) to be described later. 

[0005] The input shaft 102 is rotatably supported by ball 

bearings 130a and 130b. The eccentric bodies lG6a and 106b are 
integrally formed on the outer periphery of the input shaft 102 
between the ball bearings 130a and 130b, with a predetermined 
phase difference therebetween (180°, in this example). The 
eccentric bodies 106a and 106b can make eccentric rotations 
with the input shaft 102 about the center axis L4 . The two 
external gears 108a and 108b are fitted to the outer 
peripheries of the eccentric bodies 106a and 106b via the 
sliding structures 120, respectively. The two external gears 
108a and 108b can make oscillatory rotations along with the 
rotations of the eccentric bodies 106a and 106b. 

[0006] Fig. 11(A) is an enlarged partial view of a sliding 
structure 120 provided in the speed reducer 100. Fig. 11(B) is 
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a side view of the sliding structure 120 as seen in the 
direction of the arrow XIB in Fig. 11(A). 

[0007] This sliding structure 120 is composed of an inner 
ring 110, rollers (rolling elements) 112 of cylindrical shape, 
and a retainer 111. 

[0008] The inner ring 110 is an annular member having a 
hollow 110a. A peripheral groove 110b capable of accommodating 
the rollers 112 partially is formed in part of the outer 
periphery of the inner ring 110. 

[0009] The retainer 111 is an annular member having a 
diameter somewhat larger than that of the inner ring 110, and 
is arranged to surround the outer periphery of the inner ring 
110. The retainer 111 is perforated with a plurality of 
pockets 111a capable of accommodating and retaining the rollers 
112 with predetermined regular gaps ALl therebetween. 

[0010] The rollers 112 are loaded into the pockets 111a of 
the retainer 111 from the outer side for retention. Besides, 
the rollers 112 are partially accommodated in the peripheral 
groove 110b of the inner ring 110 and arranged in contact with 
the inner periphery of the external gear 108a, 108b and the 
peripheral groove 110 of the inner ring 110. The rollers 112 
can rotate about themselves in the direction R3 in the diagram. 
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and can revolve in the circumferential direction of the circle 
C2 in the diagram as retained by the retainer 111. 

[0011] As above, in the speed reducer 100, the sliding 
portions between the eccentric bodies 106a, 106b and the 
external gears 108a, 108b are provided with the sliding 
structures 120 so that the rotations of the external gears 108a 
and 108b are facilitated. 

[0012] Fig. 12 is a sectional view of a conventional 
flexible meshing planetary gear speed reducer, another example 
of a speed reducer. 

[0013] This flexible meshing planetary gear speed reducer 
151 comprises a rigid internal gear 152 having an annular 
shape, a flexible external gear (oscillator) 154 having a cup- 
like shape, and a wave generator (rotor) 158 having an elliptic 
profile. The flexible external gear 154 is arranged inside the 
rigid internal gear 152. The wave generator 158 is fit into 
the flexible external gear 154 via a sliding structure 156. 

[0014] This wave generator 158 bends the flexible external 
gear 154 into an elliptic shape so that external teeth 154A of 
the flexible external gear 154 mesh with internal teeth 152A of 
the rigid internal gear 152 at two points. The meshing points 
are moved circumf erentially so that a relative rotation 
corresponding to a difference between the numbers of teeth of 
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the external teeth 154A and the internal teeth 152A occurs 
between the flexible external gear 154 and the rigid internal 
gear 152, 

[0015] Even in such a flexible meshing planetary gear speed 
reducer 151, the sliding structure 156 smoothens the rotation 
of the flexible external gear 154. 

[0016] In the conventionally known speed reducer 100 and 
151, however, the assembly of the rotor (the eccentric bodies 
106a, 106b , the wave generator 158, and so on) has required 
that the plurality of rollers 112 be loaded into the pockets 
Ilia one by one from the outer side of the retainer 111. This 
has resulted in inefficient assembly operations, with 
limitations on productivity improvement. 

SUMMARY OF THE INVENTION 

[0017] The present invention has been achieved to solve the 
foregoing problems. It is thus an object of the present 
invention to provide a method for assembling a rotor and a 
sliding structure of a rotor and an oscillator which allow easy 
assembly with an improvement in productivity. 

[0018] The foregoing object of the present invention has 
been achieved by the provision of a method for assembling a 
rotor of a power transmission device having an oscillator and a 
rotor rotatably assembled into said oscillator, said rotor 



making rotations and oscillations of said oscillator. The 
method comprises the steps of: loading a plurality of rolling 
elements to be arranged between the rotor and the oscillator 
via a retainer for positioning the rolling elements, from 
inside the retainer; and assembling the rotor into inside the 
loaded rolling elements. 

[0019] Rolling elements are typically used in plural, and 
considerable labor would thus be required when the rolling 
elements were loaded from outside one by one. According to the 
present invention, the rolling elements are loaded from inside 
the retainer at a time, which allows short-time assembly 
operation with an improvement in productivity. Moreover, in 
the assembly method of the present invention, the rolling 
elements are merely positioned by the retainer, not loaded 
fixedly. The rolling elements can thus be fine adjusted in 
position at the time of assembly of the rotor so that the 
assembly of the rotor is facilitated as compared to the case 
where the rollers are loaded fixedly. 

[0020] Incidentally, "the step of assembling the rotor into 
inside the loaded rolling elements" may be effected by various 
methods. For example, the step may comprise the substeps of: 
inserting an inner support ring into inside the loaded rolling 
elements, the inner support ring being arranged radially inside 
a circle connecting the rolling centers of the rolling elements 



and perforated with a plurality of inner pockets for allowing 
the rolling elements to be partially exposed to its inner side; 
inserting the rotor into an interior space of the inner support 
ring. Here, the inner support ring restrains the radially 
inward movement of the rolling elements, makes the retainer 
portable with the rolling elements loaded therein. The 
assembly of the rotor is thus facilitated further. Futhermore, 
the substeps may include the substep of pulling out the inner 
support ring. 

[0021] Moreover, the step of assembling the rotor into 
inside the loaded rolling elements may comprise the substeps 
of: inserting a dummy rotor pressing said loaded rolling 
elements outward; and inserting the rotor so as to replace the 
dummy rotor. This configuration also facilitates the assembly 
of the rotor. Incidentally, a dummy rotor may have almost the 
same shaft diameter as that of said rotor. 

[0022] Furthermore, the step of assembling the rotor may be 
followed by the step of fitting a rotor ring for restraining 
axial movement of the rolling elements onto an outer periphery 
of the rotor. Consequently, the rolling elements can be 
retained with higher reliability. 

[0023] The present invention also provides a sliding 
structure of a rotor and an oscillator of a power transmission 
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device having an oscillator and a rotor rotatably assembled 
into said oscillator, said rotor making rotations and 
oscillations of said oscillator. The sliding structure 

comprises: a plurality of rolling elements arranged between the 
rotor and the oscillator; and a retainer having a support ring 
being arranged radially outside a circle connecting the rolling 
centers of the rolling elements and perforated with a plurality 
of pockets for allowing the rolling elements to be partially 
exposed to its outer side. A protrusion for restraining axial 
movement of said roiling elements is provided on only one axial 
end of an outer periphery of the rotor. Consequently, it 
becomes possible for the rotor to be inserted in an axial 
direction and to function as means for positioning the retainer 
and the rolling elements. Moreover, the inner support ring can 
prevent the rolling elements from slipping off in the radially 
inward direction, so that the rolling elements can be retained 
with higher reliability at the time of assembly. 

[0024] Moreover, when said retainer has the side ring being 
extended from an axial end of the support ring to avoid the 
rolling elements from slipping off^ the side ring can prevent 
the rolling elements from slipping off in the axial direction. 

[0025] When an inner periphery of the support ring is 
located at least 1.05 times radially outside the circle 
connecting the rolling centers of the rolling elements, the 
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gaps between adjoining rolling elements can be reduced. As a 
result, ' it becomes possible to increase the number of rolling 
elements arranged between the rotor and the oscillator and 
increase the diameter of the rolling elements for higher load 
capacity of the sliding structure. 

[0026] According to the present invention, it is possible to 
provide a method for assembling a rotor and a sliding structure 
of a rotor and an oscillator which allow easy assembly with an 
improvement in productivity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] Fig. 1 is a sectional side view of a speed reducer to 
which the sliding structure according to an embodiment of the 
present invention is applied; 

[0028] Fig. 2 is an enlarged partial view around the sliding 
structures of Fig. 1; 

[0029] Figs. 3(A) and 3(B) are diagrams showing a sliding 

structure in Fig. 1; 

[0030] Fig. 4 is a diagram showing the retainer part of Fig. 
3 alone; 

[0031] Fig. 5 is a sectional side view of a second speed 

reducer to which the sliding structure according to the 
embodiment of the present invention is applied; 



[0032] Fig. 6 is an enlarged partial view around the sliding 
structures of Fig. 5; 

[0033] Figs. 7(A) to 7(E) are schematic diagrams showing the 
procedure for assembling an eccentric body according to a first 
example of the embodiment of the present invention; 

[0034] Figs. 8(A) to 8(D) are schematic diagrams showing the 
steps of assembling an eccentric body according to a second 
example of the embodiment of the present invention; 

[0035] Fig. 9 is a sectional side view of a speed reducer to 
which a conventional sliding structure is applied; 

[0036] Fig. 10 is a sectional view taken along the line X-X 

of Fig. 9; 

[0037] Figs. 11. (A) and 11(B) are enlarged partial views of 
the sliding structure in Fig. 9; and 

[0038] Fig. 12 is a sectional side view of a conventional 
flexible meshing planetary gear speed reducer. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0039] Hereinafter, an embodiment of the present invention 
will be described with reference to the drawings. 

[0040] Fig. 1 is a sectional side view of a speed reducer 
(power transmission device) 200 to which the sliding structure 
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according to an embodiment of the present invention is applied. 
This diagram corresponds to Fig. 9 seen above. 

[0041] The speed reducer 200 shown in Fig. 1 is 
substantially the same as the speed reducer 100 shown in Fig. 9 
above, except in the sliding structures of the eccentric bodies 
(rotors) and the external gears (oscillators) . Thus, identical 
or similar parts will be designated by the same reference 
numerals in the diagram. Detailed description thereof will be 
omitted. 

[0042] The speed reducer 200 comprises an input shaft 102, 
eccentric bodies 106a and 106b, and two external gears 108a and 
108b. The eccentric bodies 106a and 106b are capable of 
eccentric rotations about the center axis LI. The two external 
gears 108a and 108b are capable of oscillations along with the 
rotations of the eccentric bodies 106a and 106b. The eccentric 
bodies 106a, 106b and the external gears 108a, 108b are 
provided with respective sliding structures 230 (222, 224, 226) 
therebetween . 

[0043] Hereinafter, description will be given in detail of 
the sliding structures 230 with reference to Figs. 2 to 4 . In 
Fig. 1, the two sliding structures, provided between the 
eccentric body 106a and the external gear 108a and between the 
eccentric body 106b and the external gear 108b, have the same 
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structure. Thus, the following description will deal with the 
sliding structure 230 that is arranged between the eccentric 
body 106a and the external gear 108a. 

[0044] Fig. 2 is an enlarged partial view around the sliding 

structure 230 of the speed reducer 200 in Fig. 1. Fig. 3(A) is 
a sectional side view of the sliding structure 230. Fig. 3(B) 
is a sectional view taken along the line IIIB-IIIB of Fig. 
3(A) . 

[0045] The sliding structure 230 comprises a plurality of 
rollers (rolling elements) 222, a . retainer 224, and an inner 
support ring 226. 

[0046] In this example, the rollers 222 have a generally 

cylindrical shape, and are accommodated in the retainer 224 to 
be described later in such a state that they can rotate about 
themselves in the direction Rl in Fig. 3(B). The rollers 222 
are prevented from slipping off radially inward (toward the 
eccentric body 106a) by the inner support ring 226 to be 
described later. The rollers 222 are arranged in plural 
between the eccentric body 106a and the external gear 108a with 
regular gaps (AL2, in the diagram) therebetween. They can make 
rolling contact directly with both an outer periphery 106al of 
the eccentric body 106a and an inner periphery 108al of the 
external gear 108a. 



12 



[0047] The retainer 224 has a support ring 224a. With 
respect to a circle CI that connects the rolling centers L2 of 
the rollers 222, the support ring 224a is arranged radially 
outside by AHl in the diagram. As shown in a perspective view 
of the retainer 224 (Fig. 4), this support ring 224a is 
perforated with a plurality of rectangular pockets 224b. The 
pockets 224b allow the rollers 222 to be partially exposed to 
outside the support ring 224a. Moreover, both axial ends of 
the support ring 224a are extended into a pair of side rings 
224c which prevent the rollers 222 from slipping off axially. 

[0048] The inner support ring 226 is an annular member 
having a diameter somewhat smaller than that of the support 
ring 224a of the retainer 224. With respect to the circle CI 
which connects the rolling centers L2 of the rollers 222, the 
inner support ring 226 is arranged radially inside by AH2 in 
Fig. 3(B). The inner support ring 226 is perforated with a 
plurality of rectangular inner pockets 226a for allowing the 
rollers 222 to be partially exposed to its inner side. 
Incidentally, the inner periphery 226b of the inner support 
ring 226 has a diameter larger than that of the outer periphery 
106al of the eccentric body 106a. 

[0049] Consequently, neither of the retainer 224 and the 
inner support ring 226 falls on the circle CI which connects 
the rolling centers L2 of the rollers 222. Then, it is the 
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spaces of gap AL2 alone that come between the rollers 222 on 
the circle CI. 

[0050] In the sliding structures 230 according to the 
embodiment of the present invention, the plurality of rollers 
222 are arranged between the eccentric bodies 106a, 106b and 
the external gears 108a, 108b so as to be capable of direct 
rolling contact with both the outer peripheries 106al, 106bl of 
the eccentric bodies 106a, 106b and the inner peripheries 
108al, 108bl of the external gears 108a, 108b, respectively. 
Since the rollers 222 alone are interposed between the 
eccentric bodies 106a, 106b and the external gears 108a, 108b, 
it is possible to increase the outer diameters of the input 
shaft 102 and the eccentric bodies 106a, 106b without changing 
the inner diameters of the external gears 108a, 108b. 

[0051] The support rings 224a are arranged AHl radially 
outside the respective circles CI which connect the rolling 
centers L2 of the rollers 222. Besides, the support rings 224a 
are perforated with the plurality of pockets 224b which allow 
the rollers 222 to be partially exposed to outside the support 
rings 224a. It is therefore possible to reduce the gaps 
between adjoining rollers 222 (from conventional ALl (Fig. 10) 
to AL2), with the result that the rollers 222 can be increased 
in number for increased load capacity of the sliding structures 
230. To be more specific, the inner peripheries of the support 



rings 224a desirably lie at least 1.05 times radially outside 
with respect to the radius R of the circles CI which connect 
the rolling centers L2 of the rollers 222 (R + AHl > 1.05R). 
The support rings may be elliptic as long as the inner 
peripheries of the support rings lie at least 1.05 times 
radially outside with respect to the outer diameter of the 
circles which connect the rolling centers of the rollers. 

[0052] The support rings 224a of the retainers 224 are each 
extended into a pair of side rings 224c for preventing the 
rollers 222 from slipping off from the axial ends. The simple 
structure can thus prevent the rollers 222 from axial slip-off. 

[0053] The inner support rings 226 are arranged AH2 radially 
inside the respective circles CI which connect the rolling 
centers L2 of the rollers 222. In addition, the inner support 
rings 226 are perforated with the plurality of inner pockets 
226a for allowing the rollers 222 to be partially exposed to 
the their inner sides. It is therefore possible to prevent the 
rollers 222 from slipping off radially inward, and retain the 
rollers 222 with higher reliability at the time of assembly in 
particular. 

[0054] Fig. 5 is a sectional side view of a speed reducer 
300 to which the sliding structure according to the embodiment 
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of the present invention is applied. This diagram corresponds 
to Fig. 1 seen above. 

[0055] The speed reducer 300 shown in this Fig. 5 is 
substantially identical to the speed reducer 200 shown in Fig. 
1 above, except in the configuration of eccentric bodies 206a 
and 206b. As shown in an enlarged partial view of Fig. 6, the 
eccentric bodies 206a and 206b are provided with protrusions 
206al and 206bl on their outer peripheries, respectively, at 
respective axial ends thereof. The protrusions 206al and 206bl 
have a diameter R4 larger than the diameter R3 of the inscribed 
circles of the rollers 222. 

[0056] The protrusions 206al and 206bl arranged on the 
eccentric bodies 206a and 206b are both in contact with the 
rollers 222. The eccentric bodies 206a and 206b can thus 
function as positioning means for restraining the movement of 
the rollers 222 in the direction of the axis L3. 

[0057] Next, with reference to Figs. 7(A) to 7(E), 
description will be given of a method for assembling the 
eccentric bodies of the speed reducer to which the sliding 
structure according to the embodiment of the present invention 
is applied. Figs. 7(A) to 7(E) are diagrams schematically 
showing the procedure for assembling an eccentric body 
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according to a first example of the embodiment of the present 
invention . 

[0058] For a concrete example, description will be given of 
the procedure for situations where the sliding structure 230 is 
assembled with the eccentric body 206a of the speed reducer 300 
shown in Fig. 5. 

[0059] Initially, the plurality of rollers 222 to be 
arranged between the eccentric body 206a and the external gear 
208a are loaded from inside the retainer 224 for positioning 
(Fig. 7(A)). Next, the inner support ring 226 described 
previously is inserted into inside the loaded rollers 222 (Fig. 
7 (B) ) , whereby the radially inward movement of the rollers 222 
is restrained. The eccentric body 206a is then inserted into 
the interior space 226a of this inner support ring 226 (Fig. 
7(C)). Finally, the inner support ring 226 is pulled out (Fig. 
7(D)) before an eccentric body ring (a rotor ring) 228 for 
restraining the axial movement of the rollers 222 is fitted to 
the outer periphery of the eccentric body 206a (Fig. 7(E)). 

[0060] The rollers 222 are typically used in plural, and 
would thus require considerable labor if they were loaded from 
outside one by one. By using the assembly method described 
above, the rollers 222 can be loaded from inside the retainer 
224 at a time, allowing short-time operation with an 
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improvement in productivity. Moreover, the inner support ring 
226 restrains the radially inward movement of the rollers 222, 
and makes the retainer 224 portable with the rollers 222 loaded 
in the retainer 224. The operation is thus facilitated 
further. Incidentally, the inner support ring 226 in the state 
of Fig. 7(C) need not necessarily be pulled out, in which case 
the inner support ring 226 constitutes part of the sliding 
structure 230 as is. 

[0061] Figs. 8 (A) to 8(D) are diagrams schematically showing 
the procedure for assembling the eccentric body 20 6a according 
to a second example of the embodiment of the present invention. 
Here, a dummy eccentric body (a dummy rotor) 150 having almost 
the same shaft diameter as that of the eccentric body 206a is 
used instead of the inner support ring 226. 

[0062] In this assembly method, the plurality of rollers 222 
to be arranged between the eccentric body 206a and the external 
gear 208a are initially loaded from inside the positioning 
retainer 224 (Fig. 8(A)). Next, the dummy eccentric body 150 
is inserted into inside the loaded rollers 222 (Fig. 8(B)). 
Finally, the dummy eccentric body 150 and the eccentric body 
206a are aligned with each other, and the retainer 224 is moved 
toward the eccentric body 206a so that the dummy eccentric body 
150 is replaced with the eccentric body 206a (Fig. 8(C)). The 
eccentric body ring 228 for restraining the axial movement of 
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the rollers 222 is then fitted to the outer periphery of the 
eccentric body 206a (Fig. 8(D)). 

[0063] While the duirany eccentric body 150 is given the same 
shaft diameter as that of the eccentric body 206a, the present 
invention is not limited thereto- The dummy eccentric body 
(the dummy rotor) 150 has only to press the rollers 222 
outward. For example, the dummy rotor may have a shaft 
diameter greater than that of the eccentric body 206a when the 
dummy rotor body is made of flexible material. The rollers 222 
can thus be retained from inside to provide the same effect. 

[0064] In this assembly method, the rollers 222 are merely 
positioned by the retainer 224, not loaded fixedly. The 
rollers 222 can thus be fine adjusted in position at the time 
of assembly of the eccentric body 206a, so that the assembly of 
the eccentric body 206a is facilitated as compared to the case 
where the rollers 222 are loaded fixedly. 

[0065] In the foregoing embodiment, the rollers 222 are used 
as the rolling elements. However, the present invention is not 
limited thereto. Balls and other rolling elements may be used 
to constitute the sliding structures. The numbers of rolling 
elements are not limited to the shown examples, either. 
Moreover, the pockets 224b and the inner pockets 226a for 
accommodating the rolling elements are not limited to the shown 
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shapes. For example, the pockets 224b and the inner pockets 
226a are given circular shapes when balls are to be 
accommodated . 

[0066] The method for assembling an eccentric body is not 
limited to those of the examples of the foregoing embodiment. 
Any method may be used as long as it includes the steps of: 
loading a plurality of rolling elements to be arranged between 
the eccentric element and the oscillator via a retainer for 
positioning the rolling elements from inside the retainer; and 
assembling the eccentric body into inside the loaded rolling 
elements . 

[0067] Incidentally, aside from the eccentric bodies, the 
"rotor" as employed in the present invention also includes ones 
that make rotations about themselves along with flexible 
movement of the external gears (oscillators) . An example 
thereof is the wave generator of flexible meshing planetary 
gearing. Aside from the external gears, the "oscillator" as 
employed in the present invention also includes an internal 
gear of internal gear oscillating planetary gearing in which 
the internal gear makes oscillations. 

[0068] The present invention may be used for a power supply 
device that comprises an eccentric body (eccentric bodies) 
capable of eccentric rotations about the center axis of input 
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shaft and an oscillator (oscillators) capable of oscillations 
along with the rotations of the eccentric body (eccentric 
bodies) . 
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